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Extend ing  e a r l i e r  work (1-4) improved p o i n  \$ c a t h o d e  s o u r c e s  have -. been 
developed  and used  r o u t i n e l y  i n  h i g h  r e s o l u t ' o n  m i c r o s c o p e s .  P o i n t e d  
f i12men t s  are made o f  e tched,  o r i e n t e d  s ing le -c rys t a l  tungsten t i p s  
( c a .  10011 long;  t i p  r ad i i :  0.1-10p) spot-welded on zone - re f ined  tung- 
s t e n  wi re .  Because o f  h i g h  p u r i t y  and s e l e c t e d  c r y s t a l  o r i e n t a t i o n ,  
these f i l a m e n t s  have  l o n g e r  a v e r a g e  l i f e  (40-80 h o u r s  at  2650'K; AC o r  
DC h e a t i n g )  and o p e r a t i o n a l  s t a b i l i t y  than s t a n d a r d  o r  sharpened  hair-  
p i n  c a t h o d e s .  T h i s  a l s o  r e d u c e s  specimen damage by e n e r g e t i c  i o n s  com- 
monly o r i g i n a t i n g  from i m p u r i t i e s  i n  normal t u n g s t e n  s o u r c e s .  S i m i l a r  
p o i n t e d  f i l a m e n t s  o f  high p u r i t y  tantalum, rhenium and niobium have 
s p e c i f i c  p r o p e r t i e s  p a r t i c u l a r l y  u s e f u l  for low- tempera ture  microscopy.  
B e s t  r e su l t s  were c o n s i s t e n t l y  o b t a i n e d  wi th  new t y p e s  of e t c h e d  molyb- 
denum o r  s ta in less  s t e e l  c a p s ,  t he  key  element o f  which i s  a r e p l a c e a b l e  
d i s c  a p e r t u r e  of t h i n  (10-3011.) molybdenum f o i l  wi th  a p r e c i s e l y  c e n t e r e d  
small h o l e  of 0.5mm ( F i g .  1) .  The Mb f o i l  i s  s t ab le  u n d e r  e l e c t r o n  bom- 
bardment which retards con tamina t ion  and p r o l o n g s  o p e r a t i o n a l  l i f e  of 
f i l a m e n t  t i p s .  Thin f i l m  c o n f i g u r a t i o n s  pe rmi t  c r i t i c a l  cen te r ing  and  
height a d j u s t m e n t  of f i l a m e n t  t i p s  d e t e r m i n i n g  adequate bias v o l t a g e  
and e m i s s i o n  c o n t r o l .  This  p r a c t i c a l  cap  d e s i g n  i s  a p p l i c a b l e  t o  b o t h  
c a t h o d e  and anode s t ruc tu res ,  combining optimum microgeometry a n d  
o p e r a t i o n a l  c o n d i t i o n s  f o r  o b t a i n i n g  s p a c e  c h a r g e  f r e e  emiss ion  and s i g -  
n i f i c a n t  f i e l d  enhancement.  
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When used w i t h  compensated double  condenser  sys tems o f  high r e s o l u t i o n '  
i n s b m m e n t s  (Siemens Elmiskop I , H i t a c h i  HU-11) , these p o i n t  s o u r c e s  
p r o v i d e  improved microbeam i l l u m i n a t i o n  - c h a r a c t e r i z e d  - main ly 'by :  - ( a )  
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A cm-2 s t e r ad .  High s p e c i f i c  b r i g h t n e s s  of 5 - 25 x 10 measured 
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r;producibly at final screen level. This gain in brightness is an order 
of magnitude larger than comparable values obtained with W hairpin fila- 
ments in standard gun (Fig. 2) at the same temperature (2680'~). 
thin-film caps give highest values, surpassing the performance of a 
special steel cap (D) with 0.5m hole which was developed in collabora- 
tion with Dr. K. Yada as described in angther publication. This high- 
brightness is partly ascribed to field enhancement by the Schottky ef- 
fect. (b) High coherence, resulting partly from the smaller illumina- 
tion angles made possible by increased source brightness. Transverse 

tures of l O O v - l O l ~ - .  Under favorable conditions, 50 to 60 Fresnel fringes 
were recorded (Fig. 3). This also gives enhanced contrast and improved 
image quality, especially when dealing with biological specimens (Fig. 4). 
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'coherence 1 lengths of 60 t o  600 8 can be achieved by using condenser aper- 

Based on our evaluation of average gun performance during the past 
decade, and in agreement with the results of Hibi and Yada (1,3), Maruse 
et al. (4) , point cathodes have proved to be consistently superior to 
normal hairpin cathodes. Coherent microbeam illumination of high bright- 
ness already enables the operator to optimize instrument performance 
under direct observation at high electron optical magnifications, The 
reduced spread of emission energies at the low beam current (0.5-1.5vA) 
usually required to reach optimum operating conditions may also contribute 
t o  regular attainment of 2.88 point resolution with axial illumination. 
Mb guns operating in ultrahigh vacuum are also being investigated as field 
and T-F emission sources suitable for microscopy by wavefront reconstruction. 
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%Z&:Sketch of improved cathode 
cap featuring disposable aperture 
of thin molybdenum foil with cen- 
tral small hole for filament tip 
adJustment.Basic cap body of Mb or 
steel serves as stable support for 
key Mb aperture which can be varied 
to give different modifications of 
standard cap design. 

Beom Current (PA) 

Fig. 2. High brightness at low 
beam current of tungsten point ca- 
thode in Mb-thin film caps (MI= 
stainless steel base; M I I = M b  body), 
and in special small-hole cap(D), 
compared with much lower values 8f 
normal W hairpin filament(T=2680 K) 
in standard gun cap(N).Measured at 
screen level; 75 kV;P=lO-3 rad. 

Fig. 3. Electrcn rn-icrographs of 
Fresnel fringes at edges of ZnO, 
MgO crystals recorded with tungsten 
pointed filament(T=26Q00K) in impro- 
ved cathode cap(0: > m @ a t  75 kV,5Op, 
condenser aperture;25,000 x electr. 
optical magnification.30 fringes in 
lower(Zn0) specirnen;60 fringes in 
cri_<inal upper(bIg0)specimen insert. 

Fig. 4. High resolution electron 
micrograph of catalase crystal 
stained with uranyl formate.Re- 
corded with tungsten point fila- 
ment in Mb cap(MII);75 kV;50p, 
condenser aperture.Notice periodic 
crystal lattice with subunit : s t ruc-  
tures of ea. 8 -2oA. 


